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SPECIFICATION 

Contrast agent for NMR Imaging 

6 The frvenuon rvittti to novel contrast media (or NMfi-Medlcal Imaging. Amc*ujst others the 
novo! convatt me<** have an improve ataoiiity compared with p/eparattona of simrtsr prop er- ^ 
ties; they result in enhancad watar proton relaxation rata. Tha novel contrast m edia er e provided 
an tha form of Bpoeomea comaning paramagnetic tons bound io phystotog»caly acceptable 

10 NMR tmeg*g (MR) U • comparative* now tschniqua which provides • ^ rf T* i ^ 

Of ma human body or of certain organs tharaof in a non-invaeive manne r. Tha tf egontauc valua 
of *H MR Is graetry enhanced whan tha proton density Information is evpeximpceed on proton 
reisxetion tima information, ft la estsbttshed that tha proton reunatlon tJmei of tissue watar 
reflect not onty tha composition, and tha structural ccmplaxity of tha oasus. but also is pnysJ©- 

16 too** or pe*otogic stata MRI contrast agants ara vary useful for Improving tha deletion of 
sieves of^gsns. for charactering phyeJotogicsl functions snd for *e funhar Afieremiatton 

purpoee tha/a ara genereBy uaad paramagnatlc ions or stable free redicala which 
oVamatlcailVstKtten wstar relaxation tines at reletiveiy low wcentrattona. Tha use of such 
20 me^TVs com/eat snhancing agants has two quits sartoua problems, rtamafy Jhe toxidiy of 20 
M J* tho problem of deHvery to tha dasirad targat tiseues. Soma of tha most effective 

SX^«taJ& P*obes. such .. Mn- and or «•» Mta ™ 
st low dosages. Furthermore tha metebolic routas of thasa hava not baan hvtty aaMbaahad. Tha 
toiietv orotSam can b« ovarcoma to a certein extent by tha eompiexing of such tons with a 
iw^cwZng scant, such ss 0TPA. EDTA. but this omits tha uaa of £ wmpiexec I agent 25 
tsHS Tsualm?nd to blood vaaaala. ftecentry tha usa of tha MM'-OTM * 
muhZrriiiar liposomal was investigated by Caride at si.. Mag.Rasonanca Imaging 2 WC1M4J- 
ft was found that tha amrspmam in liposomes attars tha blodistributton of tha mataJ ebaujta and 
that M Mn accumulstion did vary markadh/ ineraaaa in tha spleen and in tha ttver. with soma 
30 lodLcticn **eheert and kidnaya ralatrva to fraa Mn-DTPA. Tha accumuiat»on tn tha ever saams 30 
to indicata lesXege of tha complex from tha lipoaomas and thair subsequent dieeooation. 

Thars ara providad contrast agants for NMR Imaging in madicina. Tha MW contrast anhancara 
of uT praiantlnvantion comprise^ paramagnatic ton. bound to phystotogtoeily ecceptebie macro- 
moiecules which ara entrspped within liposomaa. Tha binding of tha paramagnatic jona to 
36 meSc^ecuies snhancss tha watar proton relaxation rata and thus smallar c^tiat of wch 35 
ie^ canbe uaad. Th.e is of Importance in viaw of tha substantial toxterty of such ton a. Tha 
fTUKTOmoiacuia-oound ions tsnd to leak to a much lassor dagraa from tha lipoaomas, thus 
rssuttlng sn extendad uaaful lifatima inaida tha body. Tha contrast aganta of tha Invention, 
due to the use of spec** liposomaa. maka poaaibto an XL? aq 

40 wall as to normal or tumorous tisauaa. Uposoma typas developed for targedng o**e to certain 40 
orosns of tha human body can ba uaad for this affact. aaa for example. Wainttain. UCLA 
Symp Mol Call Btol. 4. 441 (1983). Tha paramagnatlc iona may ba bound to amtabia macromo- 
lecutes MecromoJeculas of choice ara cartain protaina. and aapociaKy human aarum protauts so 
aTto raduca immuna raaction problams. Tha biding propantas of tha protains can ba uaad for 
46 tha bonding of tha ieni: BSA is known to bind mangsnasa and fl» n ^°J' ft * um ^ c p,oton 45 
ra^S^hancamant: Biocham 2. »10 (1963) and Biocham TO (1971). 2834. Up*nm.nx* 
csmad out by us hava shown that thara can ba advamagaoualy usad human aarum vburrun aa 
waU as bata- and gsmma-globunna. Tha axparimants hava damonstratad thai t a 10% (w/w) 
aotutton of such protain dialywd against 1 mM Mn'\ tha fraction of bound Mn" was CB%. 
60 63% snd 14% raspacttvaiy for tha abova dafinad thraa types of aarum protaina. raapactrvaiy. bo 
Accords to s funhar ambodimant of tha invantion. tha pramagnatte tons ara compiaiad by 
maana ofYsvong compla.ing agant such ss OTPA or EOTA. tona of choica ra Mn»* and Gd>*. 
but tha uma ayatam can ba uaad with othar suitsbla matai iona. Tha thus obtained complexes 
siva a significant raisastion enchancement, and the entrapment of such compiax maida tha 
65 Epoeomea does not reduce the relaxation affect which seema to be dua to tha fast cwtutw of 
watar molecules scroas the liposome membrane system, thus producing s fast exchange on the 
NMA tima acaie and thus a weighed average of relaxation tima a. 

The preparation of tiposomas entrapping proteins r» woil known m the aa and need not be 
deachbed hare in detail Sse. for exempte. textbooks such aa Liposome Technology. Vol. 1 to 3 
60 Boca Beion, Ftorida. CTC Praaa. 1984. 

In the following Example the veiides were prepared ss set out on Biochemistry 20 833 

(1981) 

The following Examples are providad m order to illustrate the present invention snd they sre to 
be construed in a non-lim:tative manner, h is deer thai a variety ol operant ion*, orotemj. 
65 cheiaung agents sno mooe of preparation of complexes end liposomes csn be resorted to « 
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without departing from the scope snd spirit of th« invention. 



EXAMPLES 
EXAMPLE fi 

6 The »t*w»"m*wn»l was 0.3 ml egg lecmna (phosphatidyl choline. Sigme) in 5 
dkuar* waa removed by evaporation in • tuwti of nitrogen. 0.5 ml of CHO, wm •b^djrjen 
Mpewid end rfophsued. 0.06 gr. rHOctyfc^D^copTnwsidB was added with OS ml 
The rnixture was shaken, avapomtad and »yophfizad. 1 mi of 10% human serum aftwmm 
eoJuuon with 2 mM. MrO,, Hepe* 20 «nM, Ned 130 mM. waa addad and tha ao*^w*s 
10 ctaryzed sgw/iai two changes of 250 ml of tha aama solution without tha prote in a first aaryaia 10 
for 24 h.. and tha aacond ona— for 48 h. Tha content of tha dtorysia bag wn waahad I fry_ 
repeated Q ta| uftrecernrifugaOon at 5*C. aach time for 1 h. Tha final precpftste conama of 
washed vesides. which contain Mn-KSA. 



15 ^Ar^wa^ carried out aa in Example 1. except that 10% ^OobuBn waa uead instead of HSA. 
Vesicles ware obtained in a simflef manner. 
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20 



^FZttZ carried out aa to Sample 1. e«cept that 10% c^SobuBn waa used inataad of HSA. 20 
Smear veiadee were obtained. 



A run waa earned out aa in Examples 1-3. but with 1 mM MrO, instead of 2 mM. Va 
25 c o m aw g a correspond** concentrsoon of MM* were obtained. « 

£ RurTvtert carried out aa « tompiea 1 and 4. but wrm lg«DTA conjugate. Vesides 
com a ^n g tfes conjugate with the Mrr 1 * were obtained. 

30 

EXAMPLE ft 

Runa were earned out aa *» Examples 1 and 4. but with HSA-EDTA conjugate. Vesides 
containing the conjugate with Mn'* were obtained. 

A 7 ^ 
A number of runs were earned out aa in Examples 1-6. but with Gd O, replacing MrO,. 
Vesicles cornering tha bound Gd'* cations were obtained. 

EXAMPLE 9" 

40 fcrw wore earned out aa rt Examples 1. 4 and 7. except that IgG-OTPA conjugate repieced 40 
the HSA. Corresponding vesides were obtained. 



EXAMPLE 9*. ' ' -» j 

fturts were earned out as in Examples 1. 4 and 7. except that HSA-0TPA conjugate replaced 

45 the rCA. Corresponding vesides were obtained. 

Aeeurtf or* Menpanese BMno end Pnton Aeitxandn Rare* for UposomoB comin*>9 ***** 
Serum Prowfn 

In tha folowwg there ia presented a series of examples of the eff ecu observed: 
50 There were measured by atomic absorption manganese ion cof^ntrauons in tr* l^ers 
<btank) end in the auspensiona of the Eposorms which contained Jw/w) of P r «^ ro T 
human serum. The volume, occupied by the iposornes. wes about 20% ^^^T^k I# 
excess menganese concentration in the suspension over that of the buffer ■webcatee Djwg °t 
manganese to *e proteins * the vesides. h is seen from the Table that the largest betdmg wes 
55 obtained for the serum afturnine. ^ ■ 

Tha rrtt^suremcms were made in two typical frequencies: 21 MHz end 42 MHi. wrich era 
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used si NMR srtegmg. ^ . — . ._ 

The rosufta of the T, relaxation time show a dramatic (up to 33-fold) decrease Of t, over mai 
of tha blank, which contained rrujngenese ei equlibrium with the Bpesomes. Even when we 
60 norma*se the results to manganese concentration, a relaxation enhancement of up to factor of ou 
16 is obtained. The best resurti were obtained for albumin as it binds more Mn» and it gives 
auto large relaxation anrvjncernem. m 
Corresponding rssults were obtained with the tipoiomea contemmg GOJ 
The results for Mn" and Gd*' bound to protein conjugated with EOT A end DTP A gtve less 
65 relaxation per metai ion. but mora metal Ions bound per protein. Therefore, the choice between 65 
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«o oWar*nt aystama dapanda en tha partaiar apptooor, and ^*^«*5; 

7hT T. lor M»Miew of Bpoaomai containing fwnan tarum afeum* and M^' ton* « Zi 
«d42 i«* aratfvanh TabiaZTha eonearnrariofu of fraa mtnganaaa *n» wro >opt 
S^^wSSt tha m«d« of *» apoaom... **^°^^«'' 0 ~^ 
Sa^prwa^Thua. tha addWonai Mn" coneamranons * tha apoaoma tvspenalona ara dua 

IB IW* omoTnB to tf» prwaina h»»datha ■ D °**"*»- . ^-u- ««JcW.- U. 

•or control wo maaawad T, mtaoKten omea comaHno. arnpty •* 

uuicirurton at tha outaida aokittona. Afthooeh tfm waa aoma irwrarung of T, to »«*V^ 
•^n^cwnparad with tho blar* aohrfona. tha off act of vaaidaa "^"■'""X^jViiSrT 
taVit is much taroar . A eomporiooo to JLMrf^o«P«lU 
•hcUd tafca kno eonskfcrnon tha amrf amoum of ateuron and bound Mb" 
o7*> boacrnas (Toon 2). « too. tha i xwtod sffact of «wl bound Mn»\ T» '/AM* * 

^ ^ImM «# 10* HSA and 3mM Mn»- with buffar ^™ 

Tha raarta f or tha to* Mn»* eo«afflnrtofi In m >upmi« 2 5[oS?^vn^ 
tion wara [Mn»M-0.31 rnM and T,-4«J ma at a fraquancy of 42 MHl ™V"^ 
^-VZr.|_Vg V £ o-noaraolo to tha praviou* aipanmanu. TJ«ia. tha fact that tho bound 
L^Li i2 [ JU£da?K«wS *dnot affact its M** ****** proporoaa. 

mo factor for tha aama amount of tha toxic, paramasnanc matal tana. 
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a f*? ft MR! conuut eompri^g . upo.om. com*** mwromo^Oe^ »«•"• 

T^aTwi corurut ^oc« tecordlno to et*m 1 whwt tfw ^•~9»«»c «• 

* "T ^^eSSwt •n>»ne.f tt» ««cromo1~*i »• phy-ok^ 

^ AnMMeor^inh^ieco^toclilm. 3. *wmn *• P™" * **** " om 

,0 T^S eomr-, .-or*, to cUm 4. 1- M M«n pro«-« MUc,^ Irom 

M^m afeujifti. b.t**oftu«n «nd ^9"*- *. tea »• bound 

6. An MR) comrui tnhanur weerong to any of ewm» > w ». »»■— 

to *• prottln fry •boorpUon ferett of tf» P™* 1 - . _ luj .i n ^ m^mo/moc lent ■* 
7 An M» oenvni •ntaneor eceortfng to ctotm* 1 to 0. v* P""'"" 

8. An MM conwMi anhanctr •ceoramo, to ertim /. - "™ ■» ~* 

°7 A An MM oomrM. .nT-ncr o«ord»nfl » cWmi 1 ft> "PC"™ *•*« to • 

20 "VSSRSi. ~m« ***** . M i » — - *« - — • 

horainbofort <*»o** tnd with rtfcrtnet to any of «ump"M. 
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12. An MW comrttt tnh»nc»f according to any of »mi w >~ 
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